Objectives. The study assessed pharmacy clerkship student attitudes toward a series of cardiology case studies using either a web-based or paper-based format. Methods. Twenty-four cardiology case studies were developed that included patientspecific information followed by a series of self-assessment questions. For the paper-based cases, students were given hardcopies and later met with the instructor to review answers. With the web-based version, students completed cases online and received immediate standardized instructor responses. Results. Thirty-four clerkship students used each format in random order for half of the cases and then completed an evaluation questionnaire. The web-based cases were preferred by 24 students and by more males than females. Among students preferring the paper method, the most commonly identified advantage was convenience. Conclusions. Web-based case studies appear to be a well-accepted method for teaching clerkship students; however, additional strategies are needed to assist students who are not comfortable with computer-based learning.
INTRODUCTION
Standards 2000 from the American Council of Pharmaceutical Education stress the importance of innovation and experimentation within pharmacy curriculums. 1 Further, these guidelines highlight the importance of including teaching methodologies that include computer technology and promote lifelong learning. As a result, pharmacy schools are beginning to integrate these teaching technologies into the traditional curriculum. It is tempting to assume that students entering pharmacy school today are computer savvy and would prefer computer-based activities to more traditional activities such as reading a book. However, there is little published data evaluating the acceptance of web-based learning by pharmacy students, particularly in the experiential setting.
At the University of Kansas School of Pharmacy, Doctor of Pharmacy (PharmD) students complete nine 1-month experiential clerkships during their final year. A major emphasis of the cardiology clerkship is to help students develop the ability to monitor drug therapy, identify adverse reactions, manage drug interactions, and make recommendations related to pharmacotherapy. In an effort to supplement experiential learning with standardized patient cases and promote selfdirected learning, a series of cardiology case studies was developed. Clerkship students are required to complete the case studies during the 1-month rotation. A study was conducted to evaluate student attitudes toward the case studies using a web-based format compared to using a traditional paper version. The primary research aim was to determine PharmD student preferences for either the web-based or paper-based method. Secondary research aims were to determine the impact of various student demographic variables on preferences for webbased versus paper-based learning and to identify characteristics of each of the 2 learning techniques that students liked or disliked.
METHODS
A series of 24 cardiology case studies was developed that covered a variety of cardiovascular diseases including heart failure, angina, hypertension, myocardial infarction, and arrhythmias. Each case was organized in a format similar to a patient medical record and included the following elements: progress notes, current medications, and laboratory results. The progress notes section included information on the patient's chief complaint, history of the present illness, social history, and and findings from the physical examination. Some cases also included findings from procedures such as chest xrays, electrocardiograms, or echocardiograms. Each case was followed by a series of 3 to 5 self-assessment questions. A list of recommended readings and references were provided. The self-assessment questions for each case focused on key issues related to cardiovascular therapeutics, such as selection of an appropriate drug for the patient, recommendations for changes in drug therapy, provision of counseling information, or management of potential adverse effects or drug interactions.
Paper versions of the cases were developed that included photocopies of electrocardiograms, chest-x-rays, and other consult results. A list of suggested readings and references was provided. If photocopies of test results were unavailable, only text results were provided.
Working with an educational technologist, a web site and template for the cardiology case studies was designed. Microsoft's Front Page software was used to format the web-based cases. The web-based version included scanned images for the diagnostic tests and online links to readings and references.
When using the paper version, students completed the hardcopy cases, handed in their self-assessment answers, and met with the instructor within 2 days to review their answers. When completing the cases using the Web-based version, self-assessment questions were answered and submitted online. Students received immediate standardized instructor responses. Additional discussion was completed via e-mail online.
For the study, students completed half of the cases using the paper format and the other half using the webbased version. A computer-generated randomization table was used to determine the method used for each case. All cases were required to be completed during the 1-month cardiology clerkship. Students were not informed in advance that a comparative evaluation was being conducted. Following completion of all 24 case studies, students were given a detailed questionnaire comparing the 2 formats. Descriptive statistics and bivariate analyses of the student responses were conducted using SPSS software. For the descriptive analyses, means and standard deviations were reported for continuous variables, and percentages were reported for categorical variables. The bivariate analyses included standardized Student t tests for 2 continuous variables and chi-square tests of independence or Fisher exact tests for categorical variables.
RESULTS
Thirty-four PharmD students completed the cardiology case studies and the evaluation questionnaire. Among these students, 20 were female and 14 were male. The mean age was 27.8 years. This relatively older student age was reflective of the fact that 11 of the students were returning practitioners, while 23 were tracking through the 6-year program. The majority of students (31) had some pharmacy-related work experience, with a mean work duration of 2.9 years ±1.84 years (range 0 to 8 years).
The students were asked about their overall familiarity with computers. Twenty-six students owned a computer with Internet access. The remaining 8 students had computer and web access. Seventeen students reported that they had completed formal classes in the use of computers. Only 18 students reported using the computer daily, while 13 reported weekly use and 3 reported monthly use. The mean age for students reporting daily computer use was significantly lower than those reporting only weekly or monthly use (25 y ± 3.3 vs 31 y ± 2.0; P=0.018). When asked whether they would find reading a book for fun or playing a computer game more enjoyable, 18 responded reading a book, while 16 indicated they preferred a computer game (P=0.59). Table 1 summarizes the students' selfratings for their comfort level and knowledge of computers. The findings indicate that most students perceive their comfort and knowledge levels with computers to be adequate or good. Overall, 24 of the 34 students preferred the webbased version of the cases while 10 preferred the paper version. Table 2 summarizes the students' ratings for the 2 case formats. No statistically significant differences were found in these ratings. However, students rated the web-based version as a slightly more effective and enjoyable method for learning. Table 2 . Students' ratings of web-based versus paper-based case study formats (n = 34 students)
Mean Various bivariate relationships were examined between student demographics and student preferences for either the web-based or paper version of the cases. As shown in Table 3 , a significantly higher percentage of males preferred the web-based format. No significant differences were seen in format preference between track-through and returning practitioners, or between those with or without pharmacy work experience. Several significant bivariate relationships were observed between student characteristics and their comfort level with computers (all P<0.05). The comfort level for working with computers was rated higher by students who owned a computer, students who used a computer more often, and track-through students. As student age increased, the comfort level with computers decreased. Female students rated their comfort level with computers and technology lower than did male students.
Students were given the opportunity to comment on their likes and dislikes with the 2 formats. The most frequent comments are listed in Table 4 . The most frequently cited advantage of the web-based format was the immediate instructor feedback regardless of when the student completed the self-assessment questions. Students particularly liked the scanned images of diagnostic tests better than the photocopied or text-only versions. While reasons for this preference were not determined, it is possible that the superior image quality of the scanned images accounted for the difference. Technical problems and in particular the need to flip between screens were the most commonly cited dislikes. Other common technical problems included slow dial-up times, premature disconnection, and loss of online links. An interesting finding was that many students felt they had to first print out the web-based cases before completing them. From follow-up discussions with students, many students felt the need to complete the selfassessment questions in hardcopy first rather than composing their answers directly online. Some students also appeared to miss the personal interaction with an instructor, even though an online discussion feature was included on the web site. The convenience and mobility of the paper version were frequently cited as advantageous. 
DISCUSSION
The use of computer-based instruction is growing rapidly in all fields in the healthcare professions. Changes in healthcare education resulting in limited instruction time, expanding information, advances in technology, and differences in patient case mixes have contributed to the growing role of simulated education. 2 In medical education, studies of simulated learning have reported benefits including improved technical and examination skills, increased information acquisition, and greater retention of knowledge compared to traditional educational approaches. [2] [3] [4] A nursing study reported that the transfer of learning from case-based simulation to the "real world" was rapid. 5 Overall, computer-based case simulations have been documented to be successful educational tools in many healthcare professions including medicine, nursing, physical therapy, dentistry, and veterinary medicine. 2, 3, [5] [6] [7] [8] [9] [10] One study found that although computer-assisted learning was more efficient, its effectiveness was not superior to that of lecturebased education. 10 As with other healthcare professionals, the use of computers and the Internet has become a required skill for pharmacists. Regardless of the practice setting, computers are used for many aspects of patient care, prescription filling, and drug information. In addition, web-based continuing professional education is widely available. For the busy pharmacist, this self-directed learning can be a valuable tool for lifelong learning and keeping pace with a constantly changing profession. Two studies reported pharmacist satisfaction with computer-based case simulation learning. 11, 12 However, these studies were substantially different from the present study. In one study, graduate pharmacy students evaluated a web-based didactic course taught collaboratively by a physician and pharmacist. 11 In the second study, simulated computer-assisted learning was used to evaluate hospital pharmacists in several disease state management scenarios. While performance scores were reported, no control or comparison group was included. 12 Other studies have described the use of computer-assisted learning for pharmacy students. 13, 14 In one study, similar examination scores were reported for students using interactive web-based instruction and students receiving traditional classroom instruction. 13 This study differed from ours in that students were assigned to only one instructional methodology with no cross over to the other group. In the second study, case-based computer-assisted learning was evaluated among PharmD students taking a course on therapeutic drug monitoring.
14 However, this study evaluated the combined use of lecture plus computer-assisted learning and compared that with lecture alone. Over 80% of students recommended the combined approach and posttest scores were significantly higher in this group. Overall, the available literature provides descriptions of program using computer-based learning and in some cases evaluations of effectiveness and student use. However, to our knowledge, the attitudes and preferences of pharmacy students toward web-based learning have not been evaluated, particularly in the experiential setting.
Although the overall findings of our study suggest that the majority of students prefer the web-based method, many students do not. Many students felt compelled to print out hardcopies of material for use. This finding is consistent with those of other studies, suggesting that students prefer hard copies of course materials. Dalby et al evaluated student use of administrative and content course materials available both on the Internet and as hard copies. 15 Less than half of the 90 students used the web-based course content. Students primarily used the web for grading information rather than as an instructional tool. Similarly, in another study of optional online course materials, Woodward found that 12% of students did not access the online materials. 16 The majority of students accessing online materials did so just prior to examinations. Major reasons given for student nonuse were beliefs that class notes would be more helpful, lack of computer access, and time constraints. However, of those who did access online materials, 87% reported printing hardcopies for later reading.
As expected, our study found that younger students reported more frequent computer use. Overall, an inverse relationship was seen between student age and comfort levels with the use of computers. An unexpected finding, however, was the observation of a significant gender effect. A greater percentage of males preferred the web-based case studies and also reported higher comfort levels with computer use. This effect has not been adequately studied and reasons for the finding are not known.
Use of the optional online discussion feature for additional instructor feedback was minimal. Because a major dislike related to the web case studies was the lack of personal instructor interaction, it appears that the online discussion was not viewed as an acceptable alternative.
Although statistically significant differences were found, our study has several important limitations, most of which are attributed to the small sample size. For example, differences in the mean age for students preferring the web-based versus paper-based cases may have reached significance in a larger study. Subjectively, we did not observe any significant differences in student performance on self-assessment questions based on the method used. However, objective determination of this outcome would require a much larger sample size and control of numerous potentially confounding variables. Additionally, although students were not informed that a study was being conducted, some students may have deduced that a comparison was being made, thus introducing the possibility of bias. A similar study with a larger sample size might also be able to identify characteristics that could be used to identify students who might learn more effectively from paper -based learning rather than computer-based learning. In this study, 2 demographics, older age and female gender, appeared to have an association with a preference for paper-based learning. However, because the small sample size precludes definitive conclusions and because we feel all students must become adept at computerbased learning, we have chosen to screen all students during the clerkship orientation by incorporating a discussion about their preferences for and comfort level with the 2 learning methods. If a student appears to be 4 uncomfortable with the computer-based approach, additional instructor interaction is available to help that student.
CONCLUSIONS
The development of a series of case studies has been well received by PharmD students on the cardiology clerkship. The majority of students (70%) preferred the web-based format for the cases. However, a substantial number of students preferred the more traditional paper version. The findings from our evaluation questionnaire suggest that common perceptions about knowledge of, comfort with, and preference for computer-based learning do not uniformly apply to all students. In the pharmacy profession, computers are routinely used to obtain drug and disease information. Moreover, the ability to effectively use self-directed computer-based learning to maintain professional competence is becoming more essential. Therefore, it is critical that these tools be incorporated throughout the pharmacy curriculum to help students develop computer skills and become more comfortable with these constantly evolving technologies. It is essential that faculty members assess students' computer skills and integrate computer-based learning with other teaching methodologies to insure that all students can effectively learn.
